We suggest a D = 11 super Poincaré invariant action for the closed superstring which has free dynamics in the physical variables sector. The variables turn out to be x i , θ a ,θȧ, in close analogy to the D = 10 Green-Schwarz superstring. Instead of the standard approach based on the searching for an action with local κ-symmetry (or, equivalently, with corresponding first class constraints), we have found a theory with fermionic constraints of second class only. Then the κ-symmetry and the well known Γ-matrix identities are not necessary for the construction. Thus, at the classical level, the superstring action of the type described can exist in any spacetime dimensions and the known brane-scan can be revisited.
Introduction and outlook
A revival of interest to the problem of covariant formulation for eleven dimensional superstring is due to the search for M-theory [1] [2] [3] [4] , which is expected to be a basis for known extended objects, and due to the recent discovery and study of the super D-brane actions [5] [6] [7] [8] .
The classical Green-Schwarz (GS) superstring (with the manifest spacetime supersymmetry and local κ-symmetry) can move in spacetime dimensions 3, 4, 6, and 10 [9] . Thus, the standard approach fails to construct a D = 11 superstring action, while known results (see, for example, Refs. 1-3 and references therein) suggest the existence of a consistent quantum theory underlying the D = 11 supergravity. At present moment, it can be viewed either as strong coupled limit of the type IIA superstring [4] , or as an effective theory of the supermembrane [10] , or it may happen to be a constituent of some other "M-theory" [1, 4, 11] . The purpose of this paper is to present some results in this direction.
The crucial ingredient in constructing the GS superstring action is the Γ-matrix identity Γ µ α(β (CΓ µ ) γδ) = 0.
It provides the existence of both global supersymmetry and local κ-symmetry for the action [9, 12] . The κ-symmetry, in it's turn, provides free dynamics in the physical variables sector. To elucidate a construction that will be suggested below for the D = 11 case, let us discuss the problem in the Hamiltonian framework, where there are the well known fermionic constraints L α = 0 (see, for example, Refs. 9 and 12), which obey the Poisson brackets
By virtue of Eq. (1) the last term in Eq. (2) disappears for D = 3, 4, 6, 10.
The resulting equation then means that half of the constraints are first class, which exactly corresponds to the κ-symmetry presented in the Lagrangian framework. The next step is to impose an appropriate gauge. Then the following set of functions:
is a system of second class (even through Eq. (1) was not used).
The situation changes drastically for the D = 11 case, where instead of Eq. (1) one finds [13] [14] [15] 
Being appropriate for the construction of the supermembrane action [10] , this identity does not allow one to formulate a D = 11 superstring with desirable properties. As was shown by Curtright [13] , the globally supersymmetric action based on this identity involves additional to x i , θ a ,θȧ degrees of freedom in the physical sector. Moreover, it does not possess the κ-symmetry that could provide free dynamics [13, 14] .
In this paper we suggest a D = 11 super Poincaré invariant action for the classical closed superstring which has free dynamics in the physical variables sector. The sector turns out to be x i , θ a ,θȧ, in close analogy to the D = 10 GS superstring. Instead of the standard approach based on the searching for an action with a local κ-symmetry (or, equivalently, with corresponding first class constraints), we present a theory in which a covariant constraints like Eqs. (3), (4) arise among others. Since it is a system of second class constraints, the κ-symmetry and the identity (5) are not necessary for the construction. Thus, at the classical level, superstring of the type described can exist in any spacetime dimensions and the known brane scan [3] can be revisited. For definiteness, in this paper we discuss the D = 11 case only.
Two comments are in order. First, one needs to covariantize Eq. It is worth mentioning another motivation for this work. As was shown in Refs. 5-8, an action for the super D-brane allowing local κ-symmetry is very complicated. One can hope, that our method, being applied to that case, will lead to a more simple formulation.
The work is organized as follows. In Sec. 2 we present and discuss a model of a nondynamical light-like vector field Λ µ , which proves to be a necessary part of our construction suggested in the next Section. In Sec. 3 a covariant action for the eleven dimensiona superstring and its local symmetries are presented. In Sec. 4 within the framework of the Hamiltonian approach we prove that it has free dynamics. In Sec. 5 role of the Wess-Zumino term presented in the action is elucidated. In Sec. 6 off-shell realization of the super Poincaré algebra is derived and discussed. Appendix contains our spinor conventions for D = 11.
Action for a nondynamical light-like vector field
As was mentioned in the Introduction, we need to get in our disposal a nondynamical light-like vector field. So, as a preliminary step of our construction, let us discuss the following D = 11 Poincaré invariant action 
These symmetries are reducible because their combination with the parameters of a special form: ω a = ∂ a ω, ξ µ = −ωΛ µ is a trivial symmetry: 
The canonical Hamiltonian is
where λ * are the Lagrange multipliers corresponding to the constraints. The preservation in time of the primary constraints implies the secondary ones
1 Note that interaction with the d = 2 metric g ab (σ c ) is not necessary due to the presence of ε ab symbol and the supposition that the variable φ transforms as a density φ
and equations for determining some of the Lagrange multipliers
The tertiary constraints are absent. Constraints (9) form a system of second class and can be omitted after introducing the corresponding Dirac bracket (the Dirac brackets for the remaining variables coincide with the Poisson ones). After imposing the gauge fixing conditions φ = 2, A µ 0 = 0 for the first class constraints (8), dynamics of the remaining variables is ruled by the equationṡ
Then the gauge conditions A 
it follows in particular, that
Since, for the open world sheet, the variations δA (15) is automatically satisfied. Hence, the model (6) is selfconsistent being considered on the closed world sheet only.
Thus, we have demonstrated that one of the possible gauges [16] to the theory (6) is A
with all other variables vanishing. In other words, the model (6) describes a situation where only "the time goes and nothing happens". Adding of this action to any model is one of the ways to introduce (without change of the initial dynamics) a light-like vector Λ µ , that may further be used as appropriate. The action of such a kind was successfully used before [17, 18] in a different context.
Note also the close analogy between this situation and the problem of covariant description for the massive relativistic particle. Actually, to covariantize the action
one needs to add the auxiliary variables x 0 , e. Then the theory
is equivalent to the previous one. A possible gauge for the model (18) is
which can be compared with Eq. (16).
Eleven dimensional superstring action and its local symmetries
The D = 11 action functional to be examined is
where θ, ψ are 32-component Majorana spinors and it was denoted Π
Let us mention the origin of the terms presented in Eq. (19) . The first two terms are exactly the GS superstring action written in eleven dimensions. The meaning of the last two terms has been explained in the previous section. The third and the fourth terms will supply the appearance of the equations Λ µ Γ µ θ = 0 and Λ 2 = 0. Thus, the variables ψ α and φ are, in fact, the Lagrange multipliers for these constraints. Note also that the Wess-Zumino term in the D = 10 GS action provides the appearance of the local κ-symmetry [9] . In our model it plays a different role, as will be discussed below.
Let us make a comment on the local symmetries structure of the action (19) . Local bosonic symmetries are the d = 2 reparametrizations (with the standard transformation lows for all variables except the variable φ, which transforms as a density: φ
, Weyl symmetry, and the transformations with parameters ξ µ (σ a ) and ω a (σ b ) described in the previous Section.
There is also a fermionic symmetry with the parameters χ α (σ a ):
from which only 16 are essential on-shell since Λ 2 = 0. As shown below, reducibility of this symmetry make no special problem for covariant quantization.
Let us present arguments that the action constructed describes a free theory. Equations of motion for the action (19) are
where
In the gauge Λ − = 1, supplemented by the conformal one, it can be rewritten as in the gauge chosen. In the result one expects free dynamics in this sector provided that the conformal gauge has been assumed. In the next section we will rigorously prove this fact by direct calculations in the Hamiltonian framework.
Analysis of dynamics
From the explicit form of the action functional (19) 
; λ * are Lagrange multipliers corresponding to the primary constraints. In Eq. (24) we also denoted
It is interesting to note that the fermionic constraints L α = 0 obey the algebra (2), and being considered on their own (without taking into account the constraintsθΓ µ p 1µ = 0 which will arise below) form a system which has no a definite class (this corresponds to the absence of κ-symmetry in the GS action written in eleven dimensions).
The conservation in time of the primary constraints implies the secondary ones
At the next step, there arises only one nontrivial equation. From the condition {θΓ
Equations (26), (27) are equivalent tō
where we denoted
Thus, we have Eq. 
Note that equations ∂ 0 p θα = . . . is omitted, since they are a consequence of the constraints L α = 0 and other equations.
To go further, note that the constraints (π g ) ab = 0 form nonvanishing Poisson bracket with theS α from Eq. (29). A modification that splits it out of other constraints is
with T ν ab being extracted from the equality {(π g ) ab ,S α } = T µ ab (θΓ µ ) α . Hence the constraints (π g ) ab = 0 are first class one can adopt the gauge g ab = η ab choice. The full set of constraints can now be rewritten in a more simple form
Now, let us impose gauge fixing conditions to the first class constraints (31.a). The choice consistent with the equations of motion is
After that, dynamics for the remaining variables is given by
The sector (33.a) includes 32 + 16 independent constraints from which the first class ones can be picked out as follows:
As was mentioned above, reducibility of the constraints does not spoil the covariant quantization program. Actually, let us impose the following covariant (and redundant) gauge fixing conditions for the constraints (34)
Then the set of equations S α = 0, S 1 α = 0 is equivalent to 
which turns out to be in close analogy to the D = 10 GS superstring. Moreover, θ a andθȧ form two pairs of selfconjugate variables under the Dirac bracket associated with the constraints from Eq. (33.d)
5 Role of the Wess-Zumino term in the D = 11 superstring action
The Wess-Zumino term in the D = 10 GS superstring action provides the appearance of the local κ-symmetry [9] , which leads to free dynamics for the physical sector variables. Since there is no κ-symmetry in our construction, it is interesting to elucidate the meaning of this term in the D = 11 action suggested. So, let us consider the action (19) 
In the gauge g 
To impose gauge for the remaining first class constraints (p
= 0, consider one-parameter set of equations
which leads to the following dynamics for the variables of physical sector:
One can check that it is impossible to get rid of the number c by making use of some other gauge choice for g Depending on the gauge chosen it can take any value except c = ±1. Hence, the dynamics is not manifestly d = 2 Poincaré covariant, provided that θ be a d = 2 scalar. It is the Wess-Zumino term which corrects this inconsistency. 2 The value c = ±1 is not appropriate, since in that case the Poisson bracket of the constraint (p µ ± Π µ 1 ) 2 = 0 and gauge vanishes.
6 Off-shell realization of the D = 11 super-Poincaré algebra
It is convenient first to recall the situation of the D = 10 GS superstring. Off-shell realization of the super Poincaré algebra for that case includes the Poincaré transformations accompanied by the supersymmetries
Being considered on their own, these transformations in the gauge Γ + θ = 0 are reduced to trivial shifts for the physical sector variables
To get on-shell realization of the supersymmetry algebra, one needs to consider a combination of the ǫ-and κ-transformations δ ǫ + δ κ(ǫ) , which does not violate the gauge Γ 
We now turn to the D = 11 case. Off-shell realization of the super Poincaré algebra for the action (19) includes the Poincaré transformations in the standard realization and the following supersymmetries with 32-component spinor parameter ǫ α δθ =Λǫ,
The action is invariant up to total derivative terms. These transformations are the analog of Eq. (45), since in the physical sector they are reduced to δθ a = √ 2ǫ
′ȧ , δx i = 0. Global supersymmetries of the action (19) , corresponding to Eq. (47) can also be presented. To find them, let us consider the following ansatz:
Variation of the GS part of the action (19) under these transformations looks like
After integrating by parts, reordering theΛ andΠ terms and making use of the identities
it is possible to present all the terms in Eq. (51) 
Note that the complicated transformation low for the ψ-variable might be predicted, since one of the Lagrangian equations of motion is
Thus, transformation of theΛψ part of the ψ-variable is dictated by this equation and the transformation lows for the x and θ variables. Being reduced to the physical sector, Eqs. (49) look as follows:
and seem to be the analog of Eqs. (47). To summarize, in this paper we have suggested a super Poincaré invariant action for the closed superstring which classically exists in any spacetime dimensions. Quantum properties of the theory and extension to the case of super D-branes will be presented in a separate publication.
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Appendix
In this Appendix we describe the minimal spinor representation of the Lorentz group SO(1, 10), having dimension 2 [D/2] . For this aim, it is suffice to find eleven 32 × 32 Γ 
As a consequence, the matrices Γ m ,Γ m are real, symmetric and obey the algebra 
The charge conjugation matrix
can be used to construct the symmetric matrices: (CΓ
. The next step is to introduce the antisymmetrised products
which have the following explicit form in terms of the corresponding SO(1, 9) and SO(8) matrices: 
hold.
